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MotivationMotivation

InIn principleprinciple, a FEL , a FEL beambeam can be can be usedused forfor

thethe excitationsexcitations of of anyany fullyfully ionisedionised

relativisticrelativistic nucleusnucleus beambeam toto studystudy

NuclearNuclear SpectroscopySpectroscopy......



MotivationMotivation
In In suchsuch a FELa FEL--NucleusNucleus collidercollider;;

The accelerated fully The accelerated fully ioniionizedzed nuclei will “nuclei will “seesee” ” 
the the keVkeV energy photons as a energy photons as a MeVMeV energy laser energy laser 
beam.beam.

O. Yavas O. Yavas et al.et al.
New tool for ‘old’ nuclear physics: FELNew tool for ‘old’ nuclear physics: FEL--Nucleus Nucleus CollidersColliders
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MotivationMotivation

The main advantages compared to the   The main advantages compared to the   
traditional traditional NRF NRF methods are methods are tunabilitytunability, , 
monochromaticitymonochromaticity and high polarization of and high polarization of 
FEL beam. FEL beam. 

The advantages result in higher statistic and The advantages result in higher statistic and 
the possibility to investigate individual levels.the possibility to investigate individual levels.



General General schematicschematic viewview of of thethe
proposedproposed designdesign



Relation of Excitation and FEL energiesRelation of Excitation and FEL energies

The energy of FEL Photons needed for excitation at the
corresponding nuclei level can be expressed as

for LHC :
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DueDue toto goodgood monochromaticitymonochromaticity ∆∆EEγγ/E/Eγγ <10<10--33÷÷1010--44

withwith thethe typicaltypical obtainableobtainable numbernumber of of photonsphotons
((101013 13 γγ//bunchbunch) ) andand excellentexcellent tunabilitytunability, , thisthis methodmethod
can be can be successfullysuccessfully usedused toto investigateinvestigate nuclearnuclear
excitationsexcitations withwith lowlow multipolaritymultipolarity (E1 and M1) (E1 and M1) in in 
widewide energyenergy regionregion..

Especially, collective excitations of nuclei can be Especially, collective excitations of nuclei can be 
analyze using the analyze using the monochromaticitymonochromaticity of FEL in of FEL in 
detail.detail.



CLIC*LHC CLIC*LHC BasedBased FELFEL--NucleusNucleus ColliderCollider

FEL FEL beambeam can be can be obtainedobtained fromfrom CLIC CLIC drive drive beambeam......

NucleusNucleus beamsbeams fromfrom LHC...LHC...

CLIC*LHC Based FEL*Nucleus CLIC*LHC Based FEL*Nucleus ColliderCollider !!

This This collidercollider allows to study Nuclear Spectroscopy allows to study Nuclear Spectroscopy 
precisely using tunable, monochromatic and precisely using tunable, monochromatic and 
coherent radiation FEL from CLIC which collide with coherent radiation FEL from CLIC which collide with 
LHC Nucleus beams (LHC Nucleus beams (PbPb, C, , C, SmSm, Au, , Au, CeCe, , BaBa etc.)etc.)



TheThe luminosityluminosity of of thethe FELFEL--NucleusNucleus
collicolliderder : : 
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An ideal photon source used in (An ideal photon source used in (γγ,,γγ’’) scattering ) scattering 
experiments should have the following experiments should have the following 

characteristics:characteristics:

-- High spectral intensity High spectral intensity ((I=NI=Nγγ //eVeV ss))

-- Good Good monochromaticitymonochromaticity ((∆∆EEγγ/E/Eγγ))

-- Tunable in a broad energy rangeTunable in a broad energy range (IR (IR -- Hard XHard X--ray)ray)

-- High degree of linear polarizationHigh degree of linear polarization ((PPγγ=100%) =100%) 



CharacteristicsCharacteristics of of thethe differentdifferent photonphoton sourcessources
PhotonPhoton SourceSource SpeSpecctraltral

IntensitIntensityy
[[γγ/s/s··eV]eV]

∆∆EEγγ/E/Eγγ
[%][%]

PPγγ [%][%] TargetTarget
MassMass
M M [g][g]

CComptonompton
Backscattered Backscattered 

BBremsstrahlungremsstrahlung
((PolarisedPolarised))

..BBremsstrahlungremsstrahlung
((UnpolarisedUnpolarised) + CB) + CB

BBremsstrahlungremsstrahlung
((UnpolarisedUnpolarised))

Free Free EElectronlectron
LLaseraser

0.150.15

2020

10001000

10001000

10101717 MeVMeV//EEexcexc

2.72.7

ContCont..

ContCont..

ContCont..

0.0010.001

100100

1010--3030

1010--2020

00

100100

7070

55

55

11--22

1010--1010



Energy RangesEnergy Ranges
Energy range for E1 and M1 dipole Energy range for E1 and M1 dipole 
excitations :   excitations :   EEexcexc = 2= 2--20 20 MeVMeV
Energy of nucleus beam of LHC: Energy of nucleus beam of LHC: 
EEAA==γγΑΑ mmAA cc2    , 2    , γγΑΑ = = γγpp Ζ/ΑΖ/Α ,  ,  γγpp ~ 7000~ 7000 ))
Needed FEL energies: Needed FEL energies: 
ωωFELFEL = 0.3 = 0.3 –– 3 3 keVkeV (for LHC nucleus beams)(for LHC nucleus beams)

(4(4--40 nm)40 nm) EEexcexc = 2 = 2 γγΑΑωωFELFEL

Needed electron beam energy from CLICNeeded electron beam energy from CLIC
EEelectronelectron = 1.2 = 1.2 –– 3.8 3.8 GeVGeV



Basic Requirements for Basic Requirements for 
SASE FEL BeamSASE FEL Beam

∆Ee/Ee ~  ρ ~ 10-3        (ρ  FEL Parameter)

Transverse emittance πλεε 4/, yx ≤



CLIC*LHC based FEL-nucleus collider

Advantages of CLIC FEL:

• Compact linac
• Existing equipment (if CLIC is built)

Disadvantages of CLIC FEL:

• High-frequency RF ⇒ large energy spread (short range wakes)
• Normal conducting ⇒ difficult to match time structure of nucleus beam

Possible solution:

⇒ Don’t use CLIC main beam (energy too high after damping ring, 
emittance too large before, large energy spread …)

⇒ Use additional drive beam pulses to power a dedicated linac -
15 GHz could be used, in order to obtain a smaller energy spread





FEL & e- beam parameters

• Photon energy 0.3-3 keV ⇒ λ =  4 - 0.4 nm
• Electron beam energy  Eb = 1 - 3.2 GeV
• Wiggler λW= 2.3 cm, BW = 0.38 T, aW = 0.8
• Qb = 1 nC,  ∆p/p ~ 10-3 , εnorm,rms ~ 2 10-6,  lbunch = 50 µm
• Photon beam size (transverse) < 50 µm

Need dedicated source (photoinjector), staged bunch compressor
Assuming 15 GHz, 60 MV/m gradient & fill factor 0.5:

linac length < 70 m
wiggler length < 20 m

Time structure:
“minimum” scenario: single bunch, 100 Hz rep rate:



We need more search on…We need more search on…

MicroMicro--structures of electron, FEL and nucleus  structures of electron, FEL and nucleus  
beams…beams…
SASE FEL optimization…SASE FEL optimization…
Luminosity, cross sections and event rates…Luminosity, cross sections and event rates…
Open problems of nuclear spectroscopy…Open problems of nuclear spectroscopy…
Ion program of LHC… Ion program of LHC… 
Detector Issues…Detector Issues…
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